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iii Several experimental groups have looked for quarks since it was proposed that they might actually exist.
Bubble chamber experiments were performed at Brookhaven^ and CERN^ in which tracks with low bubble density were investi gated since they could correspond to the passage of a particle with a lower charge. In these cases, the tracks were identified as early tracks either by the delta ray method or relative bubble size method. Another group, using scintillators and counters in a secondary beam of the AGS, was able to set a lower limit on the quark mass. 1 They concluded that quarks do not exist with a mass less than 2 BeV/c 3 if they have 1/3 e charge. The experiment described in reference 9 has been improved and extended; hence, this work is concerned with the search for both the 1/3 e and 2/3 e quarks produced by very high energy particle collisions due to cosmic radiation.
A multi-element scintillator telescope was used so that reasonable triggering rates could be used to photograph the pulses from photomultipliers. The most probable loss of energy of a relativlstic, charged particle is proportional to the square of the charge of the particle; this is approxi mate, as there is also a slowly varying logarithmic term.
Therefore, a photomultiplier output is approximately propor tional to the square of the charge of a particle which passes through it; in fact, for relativlstic particles the output is sensitive only to the charge. By altering the signal pro duced by a relativlstic, charge 1 e particle, we can simulate a fractionally charged particle and thus have a method of calibrating the apparatus. Figure 3a . These distributions are displaced by 7-9, 3*5i and 0.8 MeV, respectively, which are the most probable energy losses for the three charges. In Figure 3b we have displayed the results of altering the charge 1 e distribution; the coordinates of points on the curve were Computer programs were used to reduce the data.
First, the calibration data were analyzed by a pulse height distribution program. This allowed the assignment of a set of nested limits on pulses 1, 2, 5, and 6, which were determined by subtracting equal percentages of the events from each end of the distributions. Pulse height distribu tions of independent units 3 and 4 were obtained with 1, 2, 5# and 6 within the assigned limits. Narrowing the limits on 1, 2, 5, and 6 tends to preferentially eliminate back ground events, with the assumption that the background events have a much broader distribution than the hypothetical quark events. From these data displays it can be determined whether or not further data purification by narrower limits on 1, 2, 5, and 6 will result in larger signal-to-noise ratios for pulses 3 and 4. Figure 4 shows the results of applying this purification program to the calibration data, 1/3 e, as seen by counter 3. A pulse height distribution was then made on the signals from one of the Independent units while the other Independent unit's limits were narrowed, and vice-versa. Figure 5 shows the pulse height distribution observed by counter 3 during the charge 1/3 e analysis. The selection criteria on pulses 1, 2, _4, 5, and 6 would include:
(a) 91fj, (b) 49^, and (c) 25<fo of all true quark events. Figure 6 is a similar set of distributions for the charge 2/3 e analysis.
Limits on the data from the region where quark-like pulses would be expected were then set, and pulse height distributions were made on the pulses associated v/ith the events within these limits. The shapes of these distribu tions are indications as to whether or not the events in the quark pulse height region are actually due to background events.
The background subtraction was made by making use of the 83$ distribution, which has a large number of events.
Because this distribution is nearly all background, the number of background events within the quark-like pulse region, N^, is proportional, with coefficient C, to the number of events outside, N Q , of the interval. Then assum ing that the shape of the background distribution remains the same, we can use this constant for the more highly purified distributions. In this way we can say that the mean number of quarks, NQ, is given by
where K is a constant that depends on the fraction of true quarks expected to fall within the given interval and the fraction of events that survive the selection criteria of the five other counters.
The quark intensity limits in this paper are reported with a 90^ upper confidence limit. This means that NQ has been chosen such that the observed values fall at the boundary to the lower IQffo tall of the distribution expected with mean, NQ. and N Q have been chosen to maximize NQ subject to this condition. This, of course, tends to raise the upper limit on the quark intensities.
RESULTS
A. Z = 1/3 e. The 90$ confidence limit based upon the observed events combined with background corrections lead to the upper limits on the number of 1/3 e quarks traversing our apparatus as shown in Table I . In this 1/3 e analysis the number of events remaining in the 25$ data becomes so small that the signal-to-noise ratio becomes worse than for the 49$ data. The two values for from the 49$ data shown in Table I were therefore used. Since these two results are not statistically independent, an average was taken as as seen by counters 3 and 4.
These data yield an upper limit to the vertical intensity of 1/3 e quarks at 7800 feet altitude, IQ(1/3), of 8.7 x 10~9
cm" 2 sec" 1 ster" 1 using the 90$ confidence levels. For those events that remain in the highly purified distributions of counters 3 and 4, the distribution of associated 1, 2, and 6 pulses is consistent with the distribution expected for background events.
B. Z = 2/3 e. Table II shows the results for the charge 2/3 e; again we have used a 90$ confidence level.
The background in this case is due to the tail of the distri bution of charge 1 e particles. Due to the fact that some of the events above the 2/3 e region deflect off-screen, the background estimate for the 2/3 e region is more uncertain than for the 1/3 e case, above. The backgrounds which were used in the calculations are indicated by the smooth curves in Figure 6 . The 22<fo purified case yields an average, from BeV is given by"*"^ N(E) = 0.88E" 1,B cm" 3 sec" 1 ster" 1 (E in BeV). (2) The attenuation mean free path, l/u p , of protons in air is 
CONCLUSIONS
If quarks exist and are strongly interacting, then their production cross section might be ~ .01 mb by analogy to the production of strange particles. Prom the accelerator experiments it was determined that the hypothetical quark would be a particle, whose mass > 2 BeV/c , and since a fractional charge cannot be carried away in a collision with an electron or a nucleon, it is probably a fair assumption would not suffice to perform the obvious improvements as the size of scintillators and to extend the running time; the problem is to increase the signal-to-noise ratio, and this will demand much more selective triggering requirements. This is especially true for a 2/3 e searchj since the charge 1 e distribution is so large that its tail may infringe on the 2/3 e distribution's interval. Upper limit on the number of 2/3 e quarks, NQ(2/3) using a 90$ confidence level on the observed events.
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(a The shaded areas represent 50 quark-like pulses (Z = 2/3 e) as would be seen in that particular distribution.
